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ABSTRACT 

Object ives  and procedures f o r  t h e  T e k t i t e  I1 aero- 
microbiology experiment have been reviewed. I t  i s  observed 
t h a t  i n t e r p r e t a t i o n  of t h e  experiment d a t a  may be inf luenced  
by t h e  a i r  mixing p a t t e r n s  p r e s e n t  i n  t h e  Hab i t a t .  Resul t s  
of a General  Electric t es t  of t h e  a i r  d i s t r i b u t i o n  system 
suggest  t h a t  t h e  mixing i s  much g r e a t e r  than  t h e  t h e o r e t i c a l  
p red ic t ion .  
t h i s  discrepancy. 

/ 

An experimental  program i s  proposed t o  r e so lve  

I n  a f u r t h e r  study of t h e  environmental  c o n t r o l  
system, motivated by t h e  near a b o r t  condi t ion  which occur- 
r e d  on t h e  PX-15 Gulf Stream D r i f t  Mission,  t h e  p o t e n t i a l  
fo r  carbon monoxide bui ldup i n  t h e  T e k t i t e  I1 atmosphere 
was analyzed. The l i t e ra ture  dea l ing  wi th  CO gene ra t ion  
rates by man, and w i t h  t he  effect  on m a n  of long term CO 
exposure,  was reviewed. It  was concluded that:  

1. Steady s t a t e  w i l l  be approached wi th in  t e n  
days. Carbon monoxide levels w i l l  probably 
exceed the Nat ional  Academy of Sciences 
recommendation f o r  long t e r m  exposure by a 
f a c t o r  between one and t w o .  

2. Since t h e  NAS recommendations a r e  q u i t e  
conserva t ive ,  no apprec i ab le  phys io log ica l  
e f f e c t  should be ev iden t  i n  hea l thy  i n d i v i -  
dua ls  a t  t h e  a n t i c i p a t e d  maximum l e v e l s  of 
30 ppm, al though a small  decrement i n  mental  
performance may occur.  This decrement w i l l  
probably n o t  be observed i n  t h e  absence of 
s e n s i t i v e  measuring techniques.  
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MEMORANDUM FOR F I L E  

INTRODUCTION 

On February 1 7 ,  t h e  au tho r  went t o  
Ph i l ade lph ia ,wi th  D r .  Andre Cobet, P r i n c i p a l  

General  E lec t r ic ,  
I n v e s t i g a t o r  f o r  

t h e  Aeromicrobiology Study on T e k t i t e  11.- The purpose of  the 
meeting w a s  t o  review the Environmental Cont ro l  and A i r  
D i s t r i b u t i o n  System (ECADS) f o r  t h e  H a b i t a t ,  and t o  make a 
t e n t a t i v e  d e c i s i o n  as t o  the a i r  sampling l o c a t i o n s .  

of the H a b i t a t ,  l oca t ed  a t  t h e  Naval Shipyards,  was made. 
During t h e  b r i e f i n g ,  w e  noted t h a t  t h e  a i r  d i s t r i b u t i o n  
systems i n  t h e  t w o  c y l i n d r i c a l  tanks making up t h e  H a b i t a t  
w e r e  e s s e n t i a l l y  isolated f rom each o t h e r .  General  Electr ic  

had performed a tes t  of t h e  ECADS (') i n  which C02  w a s  r e l e a s e d  
i n  one tank  and removed i n  t h e  o t h e r ,  and the  r e s u l t s  i n d i -  
cate t h a t  good i n t e r - t a n k  mixing w a s  achieved. However, 
t h e s e  r e s u l t s  appeared t o  be i n c o n s i s t e n t  wi th  t h e  p r e d i c t e d  
amount of mixing p o s s i b l e  v i a  t h e  a i r  d i s t r i b u t i o n  system. 
S ince  t h e  i n t e r p r e t a t i o n  of t h e  aeromicrobiology experiment 
may be inf luenced  by t h e  mixing p a t t e r n s  p r e s e n t  i n  t he  Habi ta t ,  
t h e  au tho r  performed an a n a l y s i s  of the ECADS i n  o r d e r  t o  
e v a l u a t e  t h e  GE test .  

Following a b r i e f i n g  on t h e  ECADS, an i n s p e c t i o n  

Motivated by the  nea r  a b o r t  condi t ion  which occur- 
red on the PX-15 Gulf Stream D r i f t  Mission, a s tudy  of  t h e  
p o t e n t i a l  bu i ldup  of carbon monoxide i n  t h e  T e k t i t e  I1 atmos- 
phere  w a s  a l s o  performed. 

The T e k t i t e  I1 Environmental Cont ro l  and A i r  D i s t r i b u t i o n  
System 

Figure  I i s  a s c h e m a t i c  diagram of t h e  T e k t i t e  I1 
Habitat  and t h e  ECADS. Primary c o n t r o l  of C 0 2  is  achieved 
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by a bara l ime scrubber  located i n  t h e  Engine Room. 
a i r  t o  t h e  scrubber  comes d i r e c t l y  f r o m  t h e  Engine Room and t h e  
e x i t  a i r  i s  d i s t r i b u t e d  equal ly  t o  a l l  compartments a t  t h e  ra te  
of  1 0  cubic  feet  per  minute (CFM)/compartment. Continuous gas 
ana lyses  f o r  C 0 2  l e v e l s  are taken from t h e  scrubber  i n l e t  a i r .  
T h e  sc rubber  is  designed t o  maintain C02  l e v e l s  below 7.6 mm Hg 
with a bara l ime replacement i n t e r v a l  of 1 2  hours .  

The i n l e t  

I n  each compartment, an a i r  cond i t ion ing  system con- 
t r o l s  t h e  humidity,  odors and temperature .  The a i r  f l o w s  f i rs t  
t o  a h e a t  exchanger where t h e  gas  is  cooled t o  55'F and the  
excess  w a t e r  removed. The cold gas  passes  over a charcoal bed 
f o r  odor removal and then  through a heater before r e t u r n i n g  t o  
t h e  compartment v i a  a plenum i n  t h e  c e i l i n g .  
t a i n i n g  t h e  Bridge and C r e w  Quarters,  t h e  cond i t ion ing  loop 
s h a r e s  a common i n l e t  l oca t ed  i n  t h e  C r e w  Q u a r t e r s .  I n  t h e  
o t h e r  tank ,  each r e c y c l e  loop is s e p a r a t e .  I n  t h e  a i r  d i s t r i -  
b u t i o n  system, t h e  only forced c i r c u l a t i o n  between Tank I and 
I1 arises from t h e  C02  removal system. 

i s  supp l i ed  by a combination of f r eon  r e f r i g e r a t i o n  and a 
c l o s e d  loop water-glycol  coolant  d i s t r i b u t i o n  system. 
coo l ing  capac i ty  i s  a v a i l a b l e  t o  main ta in  a r e l a t i v e  humidity 
of 50% i n  a l l  compartments. 

I n  Tank I ,  con- 

The coo l ing  f o r  t he  a i r  cond i t ion ing  heat  exchangers 

Adequate 

I n  a d d i t i o n  t o  t h e  a i r  cond i t ion ing  loops ,  a f an  
wi th  a cha rcoa l  f i l t e r  a t t ached  i s  s i t u a t e d  over  t h e  commode 
located i n  t h e  engine room. 

The Aeromicrobiology Study ( 2 )  

During t h e  first T e k t i t e  program, a v a r i e t y  of micro- 
b i o l o g i c a l  and v i r a l  s t u d i e s  was conducted. I n  some, nothing 
of i n t e r e s t  w a s  d e t e c t e d  while i n  others ,  p a r t i c u l a r l y  t h e  s w a b  
samples taken  f r o m  va r ious  l o c a t i o n s  on t h e  human body and the 
aeromicrobiology s t u d y ,  s u f f i c i e n t l y  encouraging r e s u l t s  w e r e  
o b t a i n e d  t o  i n d i c a t e  t h a t  f u r t h e r  and expanded i n v e s t i g a t i o n s  
w e r e  d e s i r a b l e .  On T e k t i t e  I ,  aeromicrobia l  samples w e r e  ob ta ined  
i n  t h e  W e t  Lab only.  Over the  cour se  of the mission t w o  major 
f i n d i n g s  w e r e  ob ta ined:  1) there w a s  a p rogres s ive  takeover  
o f  the b a c t e r i a l  popula t ion  by a marine organism and 2 )  t h e r e  
w a s  a marked i n c r e a s e  i n  a s t rep tococcus  s p e c i e s  which occurred  
t w o  days p r i o r  t o  a r e s p i r a t o r y  a i lment  i n  t h e  c r e w  caused by 
t h i s  organism. 
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I n  t h e  wake of t hese  r e s u l t s ,  an expanded s tudy  of 
the a i r b o r n e  mic rob ia l  popula t ion  w a s  proposed f o r  T e k t i t e  11. 

a. Sampling P ro toco l  

Over t h e  d u r a t i o n  of t h e  T e k t i t e  I1 mission,  d a i l y  
samples of a i r b o r n e  micro-organisms w i l l  be obta ined  i n  t w o  
compartments, t h e  W e t  L a b  and t h e  C r e w  Q u a r t e r s .  A t  several 
pe r iods  dur ing  t h i s  mission a more ex tens ive  sampling regime 
w i l l  be i n s t i t u t e d  t o  determine t h e  r e l a t i v e  d i s t r i b u t i o n  of 
micro-organisms between t h e  four  compartments. Each tes t  w i l l  
l a s t  f o r  s e v e r a l  days with a number of samples taken p e r  day. 

The Andersen sampler t o  be used i n  t h e  experiment 
o p e r a t e s  by impinging a f l o w  of microbial  laden a i r  onto  t h e  
s u r f a c e  of n u t r i e n t  aga r  p l a t e s .  The p a r t i c l e s  s t i c k  on 
s t r i k i n g  t h e  damp s u r f a c e .  By a cascade arrangement f o r  t h e  
impinging a i r  v e l o c i t y  p a t t e r n s  and t h e  use  of a number of  
aga r  p l a t e s  (6), a p a r t i c l e  s i z e  d i s t r i b u t i o n  can be determined. 
I n  a d d i t i o n ,  by us ing  d i f f e r e n t  n u t r i e n t  media, a classifica- 
t i o n  of t h e  type  of  micro-organisms p r e s e n t  can be obta ined .  
For example, a marine n u t r i e n t  a g a r  w i l l  s e l e c t i v e l y  suppor t  
t h e  growth of  micro-organisms common t o  a marine environment, 
thereby  al lowing a d i f f e r e n t i a t i o n  t o  be made w i t h i n  t h e  
mic rob ia l  popula t ion .  

The a i r  flow ra te  i n t o  t h e  sampling device  is  1 CFM 
and, depending upon the microbia l  concen t r a t ion ,  1 0  t o  30 
minutes running t i m e  i s  requi red  t o  o b t a i n  an adequate sample. 
The c r i t e r i o n  f o r  ob ta in ing  a r e p r e s e n t a t i v e  sample r e q u i r e s  
t h a t  t h e  i n l e t  a i r  be taken from a l o c a t i o n  which i s  i n  t h e  
main a i r  f l o w  p a t t e r n  and i s  n o t  nea r  major sources  o f  m i c r o -  
organisms. S ince  man is by f a r  t h e  m o s t  p r o l i f i c  sou rce ,  h i s  
n e a r  proximity t o  t h e  sampling dev ice  cannot be tolerated and 
it must be p laced  on t h e  f l o o r ,  bench, etc.  where it can run 
unat tended.  D r .  Cobet and the  au tho r  selected t e n t a t i v e  sam- 
p l i n g  l o c a t i o n s  on t h e  f l o o r  n e a r  the i n l e t  duc t s  t o  t h e  a i r  
cond i t ion ing  system fo r  t h e  Wet Lab and C r e w  Q u a r t e r s ,  on t h e  
s h e l f  nea r  t h e  l ava to ry  area i n  t h e  Engine Room and on t h e  
c e n t e r  of the f l o o r  i n  t h e  Bridge. 

A microbiology labora tory  has been set  up i n  a t r a i l e r  
t o p s i d e  where t h e  aga r  p l a t e s  are be ing  prepared d a i l y  and 
t r a n s p o r t e d  t o  the Habitat. Fac i l i t i es  and s t a f f  are a v a i l a b l e  
f o r  incuba t ion  and a n a l y s i s  of t h e  r e tu rned  samples. Some sam- 
p l e s  are be ing  preserved for more elaborate a n a l y s i s  i n  t h e  
e v e n t  tha t  something of unusual i n t e r e s t  occurs .  



BELLCOMM. INC. - 4 -  

P o t e n t i a l  Problem A r e a s  i n  t h e  EC Svstem 

a. The General E l e c t r i c  C02 T e s t  

During t h e  ECADS b r i e f i n g  and t h e  subsequent Hab i t a t  
i n s p e c t i o n ,  both D r .  Cobet and myself w e r e  s t r u c k  by t h e  l ack  
of mixing between t h e  t w o  Habitat  tanks  a r i s i n g  from t h e  des ign  
of t h e  a i r  d i s t r i b u t i o n  system, and t h e  p o s s i b l e  concen t r a t ion  
d i f f e r e n c e s  which could occur  as a r e s u l t .  According t o  G E ,  
an unmanned t e s t  of t h e  ECADS system i n  which C02 w a s  r e l e a s e d  
only i n  t h e  C r e w  Q u a r t e r s  r e s u l t e d  i n  a n e g l i g i b l e  C 0 2  concen- 
t r a t i o n  d i f f e r e n c e  (0.2 mm Hg) between t h e  p o i n t  of release 
and t h e  p o i n t  of removal i n  t h e  Engine Room. 
t r a t i o n  w a s  approximately 5 mm Hg. S ince  t h e r e  is  no forced  
a i r  c i r c u l a t i o n  between t h e  two c y l i n d r i c a l  t anks  except  for  
t h e  supply of 20 CFM of scrubbed a i r  t o  t h e  Bridge/Crew Quar- 
ters and t h e  r e t u r n  of t h e  same volume v i a  t h e  t u n n e l ,  G E ' s  
r e p o r t e d  r e s u l t s  d i d  n o t  appear t o  be correct. An a n a l y s i s  
of the tes t  w a s  performed and o u r  pre l iminary  conclus ions  
seem t o  be confirmed. A s t r a igh t fo rward  m a t e r i a l  ba lance  cal- 
c u l a t i o n  shows t h a t  a t  s t eady  s ta te ,  t h e  concen t r a t ion  i n  t h e  
BridgejCrew Q u a r t e r s  should be approximately tvice t h a t  i n  t h e  
Engine Room. This cond i t ion  is a t t a i n e d  i n  5 t o  6 hours .  

T h e  C 0 2  concen- 

Several p o s s i b l e  mechanisms were checked t o  determine 
if they  could e x p l a i n  t h e  t es t  r e s u l t s .  The d i f f u s i o n a l  com- 
ponent of m a s s  t r a n s f e r  between t h e  t w o  tanks  w a s  c a l c u l a t e d  
and tu rned  o u t  t o  be many o r d e r s  of magnitude smaller than  
would be r equ i r ed  t o  account f o r  t h e  r e s u l t s .  I f  forced mixing 
of the  a i r  between tanks  ( w i t h  no n e t  f l o w )  i s  assumed t o  be 
t h e  mechanism, then  a flow of a i r  through t h e  tunne l  on t h e  
order of hundreds of cubic  feet  per  minute would be needed i n  
each d i r e c t i o n  and this i s  not  l i k e l y .  The e f f e c t  of t h i s  t ype  
o f  mixing is  shown i n  F ig .  2 where t h e  r a t i o  of C 0 2  concentra- 
t i o n s  between Tank I and I1 is  p l o t t e d  a s  a func t ion  of  the 
amount of mixing. The d e r i v a t i o n  of t h e  equat ions  d e s c r i b i n g  
t h e  CO concen t r a t ion  levels i n  t h e  Habitat  i s  conta ined  i n  t h e  
Appendix. 

2 

From t h e  a n a l y s i s  performed h e r e ,  the  only  conclus ion  
t o  be drawn is  t h a t  an incons is tency  i s  p r e s e n t  between the  a i r  
d i s t r i b u t i o n  system as descr ibed  i n  t h i s  paper  and t h e  r epor t ed  
da ta  f r o m  t h e  GE t es t .  To r e so lve  t h i s  d i screpancy ,  t h e  f o l -  
lowing experimental  program is proposed. 
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A knowledge of t h e  a i r  flow p a t t e r n s  i n  t h e  t u n n e l  
connect ing t h e  t w o  t anks  is  requi red .  A q u a l i t a t i v e  determi- 
n a t i o n  of t h i s  p a t t e r n  c a n  be ob ta ined  by v i s u a l l y  observ ing  
t h e  d i s p e r s i o n  p a t t e r n s  t h a t  a smoke cloud makes when r e l e a s e d  
i n  t h e  tunne l .  If t h e  p red ic t ed  p a t t e r n  i s  c o r r e c t ,  a g e n t l e  
f l o w  of smoke-laden a i r  a t  approximately 1 f o o t  p e r  minute 
should be observed going f r o m  Tank I t o  Tank 11. I f  smoke 
moves i n t o  each t a n k ,  t h e n  in t e r - t ank  mixing i s  p r e s e n t .  

Provided t h a t  in te rmixing  is observed,  a q u a n t i t a -  
t i v e  e v a l u a t i o n  of t h e  e x t e n t  of  t h i s  mixing can be obta ined  
by a r e p e t i t i o n  of  t h e  GE C02 tes t  w i t h  more ex tens ive  moni- 
t o r i n g  f a c i l i t i e s .  I n  add i t ion  t o  measuring t h e  C 0 2  concen- 
t r a t i o n  i n  t h e  scrubber  i n l e t  and i n  t h e  C r e w  Q u a r t e r s ,  
concen t r a t ion  measurements a re  r e q u i r e d  i n  t h e  Bridge and t h e  
W e t  Lab t o  v e r i f y  t h a t  good mixing i s  achieved i n  each t a n k ,  
and i n  t h e  scrubber  e x i t  gas  t o  check t h e  e f f i c i e n c y  of C 0 2  

removal. The C02  ana lyses  should be accu ra t e  t o  0 . 1  mm and 
t h e  monitors i n  t h e  d i f f e r e n t  l o c a t i n n s  should be checked a g a i n s t  
each o t h e r  a t  a common reference  C 0 2  level t o  a s s u r e  i n t e r n a l  
cons is tency .  Cmt inuous  concent ra t ion  readings  are desirable. 
The t e s t  should be conducted us ing  t h e  fo l lowing  p ro toco l :  

1. With t h e  scrubber  i n  o p e r a t i o n  and C 0 2  added 

i n  t h e  C r e w  Q u a r t e r s ,  es tab l i sh  a s teady  s ta te  
C02 l e v e l  of approximately 3 mm H g  i n  t h e  

C r e w  Q u a r t e r s .  
o b t a i n  t h i s  l e v e l  w i l l  be approximately 1 
l i t e r / m i n u t e  a t  ambient cond i t ions .  Steady 
s t a t e  should be achieved i n  6 hours .  

The C 0 2  a d d i t i o n  r equ i r ed  t o  

2 .  Inc rease  t h e  C 0 2  add i t ion  by a f a c t o r  of t w o  
and e s t ab l i sh  a new s t eady  s ta te .  

From t h e  data ga thered ,  t h e  amount of mixing can be 
determined f o r  each of t h e  two s t eady  s ta tes  by using t h e  equa- 
t i o n s  developed i n  t h e  Appendix. The va lues  should be t h e  
same. I n  a d d i t i o n ,  d a t a  taken dur ing  t h e  t r a n s i t i o n  between 
s t e a d y  s ta tes  can be compared t o  a computer s o l u t i o n  of the 
mater ia l  ba lance  equat ions  der ived  i n  t h e  Appendix t o  v e r i f y  
t h e  e x t e n t  of i n t e r t a n k  mixing. 

b. Carbon Monoxide L e v e l s  
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During t h e  course  of checking the ECS and a i r  flow 
p a t t e r n s ,  t h e  problem of CO bui ldup ,  an area of concern i n  
s p a c e c r a f t  and o t h e r  closed environments, w a s  i n v e s t i g a t e d .  
The primary mot iva t ion  f o r  looking a t  CO concen t r a t ions  w a s  
t h e  e l e v a t e d  l e v e l s  which occurred i n  t h e  PX-15 Gulf Stream 
D r i f t ( 3 )  mission and nea r ly  caused i t s  a b o r t .  
a completely c losed  environment w i t h  no p rov i s ion  fo r  con t ro l -  
l i n g  CO. Act iva ted  charcoal ( f o r  odor c o n t r o l )  and L i O H  ( fo r  
C 0 2  c o n t r o l )  w e r e  i n e f f e c t i v e  i n  removing CO, and i t s  accumu- 
l a t i o n  r e s u l t e d .  The t i m e  course of t h i s  bu i ldup  f o r  t h e  PX-15 
i s  shown i n  F ig .  3 ( 4 ) .  
i n c r e a s i n g  CO concen t r a t ions  a t  eve r  i n c r e a s i n g  rates. For t h e  

6-man c r e w  w i t h  approximately 400 fee t  /man, t h e  r a t e  of CO gen- 
e r a t i o n  went from approximately 15 mg/man/day t o  30 over  t h e  
course  of t h e  miss ion ,  whi le  t h e  a c t u a l  concen t r a t ion  passed 
t h e  i n i t i a l  abort  level of 25 ppm a t  day 2 1  and was almost a t  
t h e  " r ev i sed"  l i m i t  of 50 ppm when the  mission ended a t  day 30. 

The PX-15 had 

The p a t t e r n  of CO bui ldup  i s  q u i t e  clear:  

3 

The ECS s i t u a t i o n  is somewhat s i m i l a r  on T e k t i t e  
w i t h  the  except ion  of a s m a l l  cont inuous f l o w  of makeup a i r  
t o  r e p l a c e  t h e  oxygen consumed by t h e  c r e w .  Excess n i t r o g e n  
b l eeds  o f f  through t h e  d iv ing  w e l l .  T h i s  bleed w i l l  remove 
some CO, and depending on i t s  gene ra t ion  ra te  and t h e  bleed 
r a t e ,  a s t eady  s ta te  l e v e l  of CO w i l l  be e s t a b l i s h e d  i n  t h e  

Habitat .  On T e k t i t e  I('), makeup a i r  f l o w  ra te  t o  t h e  Habi ta t  
w a s  recorded a t  two-hour i n t e r v a l s  and t h e  v a s t  m a j o r i t y  of 
r ead ings  w a s  a t  1 6  s t anda rd  cubic  f e e t  p e r  hour ( S C F H ) .  S ince  
5 crewmen w i l l  be used on T e k t i t e  I1 ver sus  4 on T e k t i t e  I ,  
t h e  average flow ra te  should be approximately 20  SCFH. Assuming 

i n  t h e  Hab i t a t  of 180 mm Hg, then  t h e  e x i t  gas  flow r a t e  

needed t o  remove t h e  excess  N 2  e n t e r i n g  i n  t h e  makeup a i r  w i l l  
be 9 CFH under Hab i t a t  cond i t ions  of temperature  and p r e s s u r e  
(25OC and 31.6 p s i a ) .  A t  s teady  s ta te ,  t h e  concen t r a t ion  of 

CO i s  given by 

a Po2 

Cco (ppm) = 0 . 2 0 4  x Generation R a t e  (mg/day) . 
Carbon monoxide i s  gene ra t ed  p r i m a r i l y  by man i n  

Habi ta t  type environments. Some CO can come f r o m  non-metal l ic  
materials of c o n s t r u c t i o n ,  bu t  wi th  c a r e f u l  s e l e c t i o n ,  t h i s  source  
can be minimized. Another p o t e n t i a l  source  can be m e a l  prepara-  
t i o n  i f  the  food i s  f r i e d ,  burned, e tc . ,  s i n c e  s o m e  p y r o l y s i s  
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w i l l  occur r e s u l t i n g  i n  CO formation. I n  T e k t i t e  I ,  some 
f r y i n g  of meat occurred during t h e  l a t t e r  p a r t  of t h e  mission 
and t h e  c r e w  repor ted ly  made CO measurements and repor ted  
informal ly  t h a t  t h e  CO l e v e l s  w e r e  s a t i s f a c t o r y .  What t h i s  
means is no t  r e a d i l y  clear s i n c e  t h e  readings were not  recorded. 

Reported human carbon monoxide gene ra t ion  r a t e s  vary 
by an o rde r  of magnitude. Table I l ists  s e v e r a l  va lues ,  t h e i r  
sources ,  and t h e  s teady s ta te  CO l e v e l s  t h a t  would r e s u l t  i f  
these rates occurred on T e k t i t e  11. Also included is t h e  
Nat iona l  Academy of Sciences (6) recommended l i m i t  f o r  extended 
du ra t ion  exposure.  M o s t  of t h e  repor ted  gene ra t ion  rates l i e  
between 10-30 mm/man day except f o r  Gorban and Bogatkov, two 
Russian i n v e s t i g a t o r s  whose r e s u l t s  appear t o  be a t  var iance  
w i t h  t h e  d a t a  from American experience.  

A f e w  CO measurements w e r e  taken on T e k t i t e  I and 
a r e  shown i n  T a b l e  11. The reason f o r  t he  v a r i a t i o n  i n  CO 
l e v e l s  from 9 pprn on days 13 and 1 8  t o  the 20-25 ppm on days 
1 2 ,  1 4 ,  2 0 ,  2 1  i s  n o t  c l e a r  from the record ,  bu t  they may 
r e s u l t  from the use of two d i f f e r e n t  measurement techniques.  
Sampling tubes which r e l y  on a co lo r ime t r i c  t es t  for  CO w e r e  
a v a i l a b l e  i n  t h e  Hab i t a t  and they may have g iven  t h e  h ighe r  
readings .  Two gas bomb samples w e r e  taken dur ing  t h e  mission 
f o r  a n a l y s i s ;  one was a t  day 13 and gave a CO reading of 
9 . 3  ppm''). 
t h e s e  t w o  samples. 

The  lower readings would appear t o  come from 

Fur ther  evidence t h a t  i n d i c a t e s  the  use of two 
a n a l y t i c a l  techniques a r i s e s  from the  slow rate of change pos- 
s i b l e  i n  CO l e v e l s .  The half- t ime* is approximately 3.5 days 
so t h a t  t h e  recorded changes on May 1 2 ,  1 3 ,  and 1 4  which w e r e  
f r o m  25 t o  9 and back t o  20 ppm a r e  no t  poss ib l e .  One expla- 
n a t i o n  f o r  this apparent  discrepancy comes from t h e  f a c t  t h a t  
t h e  gas bomb samples may n o t  have been co r rec t ed  fo r  t h e  e l eva ted  
p r e s s u r e  (31 .6  p s i a )  a t  w h i c h  they w e r e  c o l l e c t e d .  By applying 
t h e  p re s su re  c o r r e c t i o n  t o  the two low va lues ,  "cor rec ted"  
readings  of 20 ppm r e s u l t .  

*The half- t ime is  def ined as  t h e  t i m e  r equ i r ed  f o r  
concen t r a t ion  t o  reach t h e  mid-point between i t s  i n i t i a l  
and f i n a l  value.  
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The CO l e v e l s  on T e k t i t e  I1 w i l l  probably range from 
15-30 ppm, based on t h e  d a t a  presented  i n  Table I .  These 
l e v e l s  do exceed t h e  NAS recommendations and p o s i t i v e  CO c o n t r o l  
us ing  a c a t a l y t i c  burner  would be r equ i r ed  t o  remain below t h i s  
c e i l i n g .  Since t h e  Hab i t a t  is a l ready  emplaced and t h e  T e k t i t e  I1 
mission i n  progress ,  such a l t e r a t i o n s  would have a major program 
impact and, r e a l i s t i c a l l y ,  w i l l  probably no t  be implemented. 

The e f f e c t s  of continuous exposure t o  CO have been 

r e c e n t l y  reviewed by t h e  Nat ional  Academy of Science (7 )  and 
t h e  fol lowing p e r t i n e n t  conclusions w e r e  drawn: 

1. 

2. 

3 .  

4. 

A t  l o w  concent ra t ions ,  t h e  p r i n c i p l e  e f f e c t  of 
CO is  i t s  r e v e r s i b l e  r e a c t i o n  wi th  hemoglobin 
(Hb) t o  form carboxyhemoglobin (CO Hb),  thereby 
reducing t h e  oxygen t r a n s p o r t a t i o n  capac i ty  of 
the blood. 

With no CO i n  t h e  a i r ,  t h e  background CO Hb 
concent ra t ion  i n  t h e  blood i s  approximately 
0 . 4 %  of t h e  s a t u r a t i o n  va lue .  These l e v e l s  
rise t o  approximately 2 . 4 % ,  5% and 9 %  f o r  
1 0 ,  2 5 ,  50 ppm CO, r e s p e c t i v e l y ,  i n  t h e  
atmosphere. The half- t ime f o r  changes i n  
s t eady  s t a t e  concent ra t ions  i n  t h e  blood is  
4-6 hours (less during e x e r c i s e ) .  

S e n s i t i v e  tests have shown some impairment i n  
mental  performance a t  q u i t e  l o w  l e v e l s  of CO Hb, 
less than 2 . 4 % ,  and t h a t  t h e  amount of impair-  
ment i s  propor t iona l  t o  CO Hb concent ra t ion .  
There appears t o  be a p o s i t i v e  c o r r e l a t i o n  be- 
tween automobile acc idents  and CO Hb l e v e l s .  
This  i s  poss ib ly  due t o  a decrement i n  t h e  
psychomotor performance of t h e  offending 
d r i v e r .  

Overt  phys io logica l  symptoms i n  hea l thy  
i n d i v i d u a l s  usua l ly  do not  appear a t  CO Hb 
concent ra t ions  below lo%, (about 50 ppm) . 
The e f f e c t s  of long t e r m  continuous exposure 
a t  t h e s e  l e v e l s  a r e  no t  known. 
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SUMMARY 

1. The r e s u l t s  of t h e  General E lec t r ic  C 0 2  

mixing tes t  appear to  be i n c o n s i s t e n t  w i th  
t h e  l i m i t e d  mixing p o s s i b l e  via  t h e  a i r  
d i s t r i b u t i o n  system. Under t h e  t es t  con- 
d i t i o n s  where a l l  C02 w a s  genera ted  i n  t h e  

C r e w  Q u a r t e r s ,  t h e  concent ra t ion  a t  t h e  
p o i n t  of release i s  c a l c u l a t e d  t o  be  about 
t w i c e  t h a t  a t  t h e  po in t  of C02 removal i n  
t h e  Engine Room, i n s t e a d  of t h e  measured 
r a t i o  of n e a r l y  one. S ince  i n t e r p r e t a t i o n  
of t h e  aeromicrobiology d a t a  may be i n f l u -  
enced by t h e  mixing p a t t e r n s  p r e s e n t  i n  t h e  
H a b i t a t ,  t h e  d i f f e r e n c e  between t h e  test 
and p r e d i c t e d  values  should be resolved. 
An experimental  program is  proposed t o  
r e s o l v e  t h i s  discrepancy.  

Carbon monoxide l e v e l s  w i l l  probably exceed 
t h e  Na t iona l  Academy of Sciences recommen- 
d a t i o n  by a f a c t o r  between one and two. 

2. 

3 .  Active c o n t r o l  of CO concen t r a t ion  us ing  a 
c a t a l y t i c  burner  i s  p r e s e n t l y  o u t  of  t h e  
ques t ion .  The Hab i t a t  is  a l r eady  emplaced 
and t h e  T e k t i t e  I1 mission i s  i n  progress .  

4 .  S i n c e  t h e  NAS recommendations are q u i t e  
conse rva t ive ,  no apprec iab le  p h y s i o l o g i c a l  
e f f e c t  should be ev ident  i n  hea l thy  i n d i -  
v i d u a l s  a t  t h e  a n t i c i p a t e d  maximum l e v e l s  
of  30 ppm, although some decrement i n  mental  
performance may occur. This decrement w i l l  
probably n o t  be observed i n  t h e  absence of 
s e n s i t i v e  measuring techniques .  

&* 
10 l l -LDS-mla  

Attachments 

L. D.  So r t l and  



TABLE I 

Reference 
Source 

T e k t i t e  I1 Carbon Monoxide Levels 

CO Generation R a t e  T e k t i t e  I1 CO Level 
mg/Man day with 5 men-ppm 

General E l e c t r i c ,  (1) 9.6 9 . 8  

Conkle, Ci ted i n  ( 8 )  11.1 1 1 . 3  

S j o s t r a n d ,  Ci ted  i n  ( 8 )  15-30 15-31  

Gorban, Ci ted i n  ( 8 )  278.07 '160.8 284'163 

Bogatkov, C i t e d  i n  ( 8 )  1 7 2 . 8  177  

PX-15, from Fig .  3 15-30 15-31  

Na t iona l  Academy of 
Science,  ( 7 )  17 .5  

Na t iona l  Academy of 
Sciexce,  ( 6 )  

1 7 . 8  

1 5 *  

*Recommended Level f o r  90 day exposure. 



TABLE I1 

CO Measurements on Tektite I 

Mission Day 

12 

13 

14 

18 

20 

21 

CO Level ( ppm) 

25 

9 

20 

9 

20 

20 

Mission Duration - 60 days. No recorded measurements 
during last 39 days. 
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A P P E N D I X  

Using t h e  flow d i s t r i b u t i o n  shown i n  F igure  I ,  t h e  fGllowing 
d i f f e r e n t i a l  equat ions  desc r ibe  t h e  C 0 2  m a t e r i a l  ba lances  
fo r  Tanks I and I1 f o r  t h e  G. E.  t es t .  

- v ( C  - C m )  - v c1 
3 m l L  

dC 1 v1 - = 
K1 d t  

- v c1 + Vm(C -c ) - 2vsc2  dC2 v2 - 
S 1 2  

where : 

C = C 0 2  concent ra t ion  

= volume of Tanks I and I1 
1 1 2  

V 

vm = in te rmixing  f l o w  r a t e  between Tanks J ZPC! I1 

v = n e t  flow from Tank I t o  Tank I1 a r i s i n g  f r o m  
t h e  C 0 2  sc rubber  r e c i r c u l a t i o n .  S 

K1 = ra te  of C02 r e l e a s e  i n t o  Tank I 

t = t i m e  

Assumptions: 

1. Each tank  behaves as a p e r f e c t l y  stirred vessel. 

2.  T h e  sc rubber  removes e s s e n t i a l l y  a l l  of t h e  C 0 2  

from the  gas  stream. 
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A t  s teady s ta te ,  

- = -  dC1 dC2 
d t  d t  = '  

By adding equat ions  1 and 2 ,  

From equat ion 2 ,  

2vs + vm 

c2 vs + vm 
- =  

I n  t h i s  express ion ,  vm vs i s  def ined  as t h e  mixing r a t i o .  

F igure  2 i s  a g raph ica l  r ep resen ta t ion  of equat ion 4 w i t h  
I 

C C p l o t t e d  as a func t ion  of vm 
11 2 
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